Lutibacter holmesii sp. nov., a marine bacterium of the family Flavobacteriaceae isolated from the sea urchin Strongylocentrotus intermedius, and emended description of the genus Lutibacter
Seven Gram-staining-negative, strictly aerobic, pale-yellow-pigmented, rod-shaped and nonmotile strains were isolated from the sea urchin Strongylocentrotus intermedius collected from Troitsa Bay, Sea of Japan. Phylogenetic analyses based on 16S rRNA gene sequences showed that these isolates were affiliated with the family Flavobacteriaceae. The novel isolates showed 99.9-100 % 16S rRNA gene sequence similarity to each other and were closely related to the type strains of the recognized members of the genus Lutibacter with sequence similarities of 95.8-98.4 %. The G+C content of the genomic DNA was 35-36 mol%. DNA-DNA relatedness among the sea urchin isolates was 95-99 % and between strain KMM 6277 T and its most closely related type strains, Lutibacter agarilyticus KCTC 23842 T and Lutibacter litoralis JCM 13034 T , was 38 and 27 %, respectively. The prevalent fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c fatty acids), iso-C 15 : 1 and C 15 : 0 . The polar lipid profile was composed of the phosphatidylethanolamine, one unknown aminolipid and one unknown lipid. The main respiratory isoprenoid quinone was MK-6.The results of phylogenetic, phenotypic and genotypic analyses indicated that the novel strains represent a novel species within the genus Lutibacter, for which the name Lutibacter holmesii sp. nov. is proposed. The type strain is KMM 6277 T (5 CCUG 62221 T 5 LMG 26737 T ).
The genus Lutibacter was proposed to accommodate heterotrophic, aerobic, Gram-staining-negative, rod-shaped and oxidase-negative marine bacteria within the family Flavobacteriaceae (Choi & Cho, 2006) . At the time of writing, the genus Lutibacter comprises six species with validly published names. The type strain of the type species, Lutibacter litoralis, and those of Lutibacter maritimus, Lutibacter aestuarii and Lutibacter flavus were recovered from tidal flat sediments collected on the coast of the Korean peninsula (Choi & Cho, 2006; Park et al., 2010; Lee et al., 2012; Choi et al., 2013) . The type strains of Lutibacter agarilyticus and Lutibacter oricola were isolated from shallow coastal seawater (Park et al., 2013; Sung et al., 2015) . In the course of a survey of bacterial diversity of the edible sea urchin Strongylocentrotus intermedius, seven heterotrophic, aerobic, pale-yellow-pigmented strains were isolated. The results of phylogenetic analysis based on 16S rRNA gene sequencing revealed that the novel isolates belonged to the family Flavobacteriaceae and formed a distinct evolutionary lineage within the genus Lutibacter. The present study aimed to report on the isolation and taxonomic identification of the novel strains using a polyphasic approach.
Strains KMM 6277 T , KMM 6302, KMM 6303, KMM 6305, KMM 6307, KMM 6308 and KMM 6311 were isolated from the sea urchin S. intermedius that was collected in Troitsa Bay, Gulf of Peter the Great, the Sea of Japan, as described previously (Nedashkovskaya et al., 2012) . After primary isolation and purification, strains were cultivated at 28 8C on marine agar (Difco) and stored at 280 8C in marine broth (Difco) supplemented with 20 % (v/v) glycerol.
DNA extraction, PCR and 16S rRNA gene sequencing were carried out as described by Vancanneyt et al. (2006) . The alignment of the 16S rRNA gene sequences obtained for the novel strains with those retrieved from GenBank, and phylogenetic analysis and bootstrap analysis (1000 replicates) were performed using the BioNumerics 5.1 software package (Applied Maths). A phylogenetic tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) , a Jukes & Cantor (1969) correction was applied, and unknown bases were discarded for the analysis. The phylogenetic position of our strains was determined from their almost-complete 16S rRNA gene sequences. The phylogenetic analysis revealed that the novel strains were members of the family Flavobacteriaceae, phylum Bacteroidetes. They showed 99.9-100 % 16S rRNA gene sequence similarity to each other, demonstrating their affiliation to the same species. Strain KMM 6277
T was most closely related to L. agarilyticus KCTC 23842 T and L. litoralis JCM 13034 T with 98.4 % and 97.3 % 16S rRNA gene sequence similarity, respectively, and shared less than 97 % sequence similarity to the type strains of other recognized species of the genus Lutibacter (Fig. 1) .
DNA was isolated following the method of Marmur (1961) and the DNA G+C content was determined by the thermal denaturation method (Marmur & Doty, 1962) . DNA-DNA hybridization experiments were performed spectrophotometrically using the initial renaturation rate method described by De Ley et al. (1970) (Choi & Cho, 2006; Park et al., 2010; Lee et al., 2012) . The strains under study shared 95-99 % DNA-DNA reassociation with each other, indicating that the sea urchin isolates belong to a single species (Wayne et al., 1987 
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Zobellia galactanivorans Dsij T (AF208293) for assigning strains to the same species by Wayne et al. (1987) . These results consequently strongly confirmed our proposal that the three strains are genetically different and the novel isolates represent a novel and distinct species of the genus Lutibacter.
In order to determine the fatty acid and polar lipid profiles, strain KMM 6277
T , L. aestuarii CCUG 60022 T and L. maritimus CCUG 57524
T were cultivated on marine agar for 3 days at 28 8C, and the cell mass was harvested during the exponential growth phase. Fatty acid methyl esters of strain KMM 6277
T and the reference strains were prepared according to the methods described by Sasser (1990) using the standard protocol of the Sherlock Microbial Identification System (version 6.0, MIDI) and analysed on a Shimadzu GC-21A chromatograph equipped with a fused-silica capillary column (30 m60.25 mm) coated with Supercowax-10 and SPB-5 phases (Supelco) at 210 8C. Cellular fatty acids were identified by using equivalent chain-length measurements and comparing the retention times with those of authentic standards. The polar lipids of strain KMM 6277
T and the reference strains were extracted using the chloroform/methanol extraction method of Bligh & Dyer (1959) . Two-dimensional TLC of polar lipids was carried out on Merck Kieselgel 60-HPTLC (666 cm) using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second dimension (Collins & Shah 1984) . The spray reagents used to reveal the spots were 10 % sulfuric acid in methanol, molybdate reagent, ninhydrin and anaphthol. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC, using a mixture of n-hexane and diethyl ether (85 : 15, v/v) as the solvent. Isoprenoid quinone composition was characterized by HPLC (Shimadzu LC-10A) using a reversedphase type Supelcosil LC-18 column (15 cm64.6 mm) and acetonitrile/2-propanol (65 : 35, v/v) as a mobile phase at a flow rate of 0.5 ml min 21 as described by Komagata & Suzuki (1987) . The column was kept at 40 8C. Quinones were detected by monitoring at 270 nm and were identified by comparison with known quinones from reference strain Bizionia paragorgiae KMM 6029 T .
The prevalent fatty acids of strain KMM 6277 T were iso-C 15 : 0 (26.2 %), anteiso-C 15 : 0 (25.5 %), summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c fatty acids, 12.6 %), iso-C 15 : 1 (5.1 %) and C 15 : 0 (5.1 %) ( Table 1 ). The fatty acid profile of strain KMM 6277 T was consistent with those reported for the recognized species of the genus Lutibacter (Choi et al., 2013; Sung et al., 2015) and those of the four reference strains included in this study ( Table 1 ). The fatty acid profiles of the type strains of all species of the genus Lutibacter demonstrated the presence of iso-C 15 : 0 and anteiso-C 15 : 0 fatty acids as the dominant components. However, significant differences in the respective proportions of some fatty acids were found between the novel isolate and its close phylogenetic neighbours (i.e. anteiso-C 15 : 0 , C 15 : 1 v6c and iso-C 16 : 0 3-OH) ( Table 1 ). These differences in fatty acid components found between strain KMM 6277 T and recognized species of the genus Lutibacter support the results of the phylogenetic analysis; therefore, strain KMM 6277 T can be considered as representing a separate species within the genus Lutibacter. The polar lipid profile of strain KMM 6277
T was composed of phosphatidylethanolamine, one unknown aminolipid and one unknown lipid (Fig. 2) T by the presence of an unknown lipid. The single respiratory quinone of the novel strain was menaquinone 6 (MK-6), in line with all other members of the family Flavobacteriaceae (Bernardet et al., 2002) .
Phenotypic analysis was performed by using previously described methods (Nedashkovskaya et al., 2012) . In addition, API 20NE, API 20E, API 50CH and API ZYM galleries (bioMérieux) were used according to the manufacturer's instructions, except that the gallery was incubated at 28 8C. Susceptibility to antibiotics was examined by the routine diffusion plate method. Discs were impregnated with the following antibiotics (mg per disc): ampicillin (10), benzylpenicillin (10 U), carbenicillin (100), cefalexin (30), cefazolin (30), chloramphenicol (30), erythromycin (15), doxycycline (10), gentamicin (10), kanamycin (30), lincomycin (15), oleandomycin (15), nalidixic acid (30), neomycin (30), ofloxacin (5), oxacillin (10), polymyxin B (300 U), rifampicin (5), streptomycin (30), tetracycline (5) and vancomycin (30). The physiological and biochemical characteristics of strain KMM 6277
T and other novel strains are listed in the species catalase, oxidase, alkaline phosphatase and leucine arylamidase activities and hydrolysis of gelatin. All strains were negative for gliding motility; arginine dihydrolase, lipase (C14), a-chymotrypsin, bglucuronidase, a-glucosidase, a-mannosidase and a-fucosidase; production of flexirubin pigments; indole and acetoin production; hydrolysis of cellulose (CM-cellulose and filter paper) and chitin; acid production from L-arabinose, melibiose, raffinose, L-rhamnose, L-sorbose, trehalose, D-xylose, glycerol, adonitol, inositol, mannitol and sorbitol; utilization of inositol and malonate; susceptibility to gentamicin, kanamycin, neomycin and polymyxin B. Data are from this study, except data on the DNA G+C content of the recognized species of the genus Lutibacter taken from the original descriptions:
Choi & Cho (2006), Lee et al. (2012) and Park et al. (2010 Park et al. ( , 2013 . n, Number of strains; A, aerobic; F, facultatively anaerobic; +, positive; 2, negative; W, weakly positive. Acid phosphatase, naphthol-AS-BIphosphohydrolase
DNA G+C content (mol%) 36.1 33.9 30.6 41.6 34.6 description and in Table 2 . The sea-urchin isolates had phenotypic characteristics that were consistent with members of the genus Lutibacter. They were heterotrophic, pigmented, nonmotile by gliding and rod-shaped organisms. The sea urchin strains possessed oxidase, catalase and alkaline phosphatase activities and hydrolysed gelatin and DNA (Table 2) . However, sufficient differences between the novel isolates and the type strains of species of the genus Lutibacter were observed in acid production from carbohydrates and in utilization of some of them ( Table 2 ). The ability to grow without NaCl, the absence of urea hydrolysis, acid production from Nacetylglucosamine and a set of enzyme activities can help in separating the strains under study from their nearest phylogenetic neighbour, L. litoralis. The absence of caseinase and tweenase activities and the presence of amylase activity, citrate utilization and hydrogen sulfide production taken together with the absence of oxidation of several carbohydrates clearly distinguished the isolates from their other close relative, L. maritimus (Table 2 ). In contrast to L. aestuarii, the strains under study could not ferment D-glucose, grow at 37 8C, hydrolyse casein or utilize the majority of carbohydrates ( Table 2 ). The sea-urchin isolates clearly differed from their other closest relative, L. agarilyticus, by a set of physiological and biochemical features including minimal temperature for growth, nitrate reduction, hydrolysis of agar, acid production from cellobiose and N-acetylglucosamine, and several enzyme activities (Table 2) . Therefore, on the basis of the data of the comparative analysis presented in this study, the novel strains should be classified in the genus Lutibacter as representing a novel species, for which the name Lutibacter holmesii sp. nov. is proposed.
It is a particularly interesting that the closest phylogenetic relatives of the novel strains showing 99.5-99.6 % 16S rRNA gene sequence similarity were identified among the associates of the sea urchins S. intermedius and Strongylocentrotus nudus collected from three localities in the northern part of the Sea of Japan (Balakirev et al., 2008) . These findings taken together with diverse hydrolytic activities of the novel isolates allow us to suggest that members of the novel species of the genus Lutibacter, L. holmesii sp. nov., play an important role in metabolic processes of the host-organisms and could be considered as a part of a resident microflora of the sea urchins belonging to the genus Strongylocentrotus.
Emended description of the genus Lutibacter Choi and Cho 2006 emend. Lee et al. 2012 This description is based on those given by Choi & Cho (2006) and Lee et al. (2012) except that polar lipids are represented by the major lipid phosphatidylethanolamine, unknown aminolipids and unknown lipids. The DNA G+C content is 30-42 mol%.
Description of Lutibacter holmesii sp. nov.
Lutibacter holmesii (hol9me.si.i. N.L. gen. masc. n. holmesii of Holmes, named in honour of Barry Holmes, a famous English microbiologist, for his huge contribution in the taxonomic study of bacteria belonging to the phylum Bacteroidetes).
The type strain, KMM 6277 T (5 CCUG 62221 T 5 LMG 26737 T ), was isolated from the sea urchin Strongylocentrotus intermedius collected from Troitsa Bay, the Sea of Japan. The DNA G+C content of the type strain is 36.1 mol%. 
